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 ,QWURGXFWLRQ
7KHVOXUU\HURVLRQLVWKHSKHQRPHQRQZKLFKFDXVHVVHYHUHGDPDJHWRWKHPDWHULDOV7KHVOXUU\HURVLRQLVGHILQHG
DV SURJUHVVLYH ORVV RU UHPRYDO RI PDWHULDO WKDW LV H[SHULHQFHG E\ D PDWHULDO H[SRVHG WR KLJKYHORFLW\ VWUHDP RI








OHVVFRPSDUHG WRXQUHLQIRUFHGDOOR\ 5DPDFKDQGUDDQG5DGKDNULVKQD  KDYHFRQFOXGHG WKDW LQFUHDVH LQ6L&
FRQWHQWLQ$O6L&FRPSRVLWHVUHVXOWHGLQLWVHQKDQFHGHURVLRQUHVLVWDQFH
+DUVKDDQG7KDNUH KDYHFRQFOXGHGWKDWJODVVILEUHUHLQIRUFHPHQWLQSRO\HWKHULPLGH3(,PDWUL[KDV
LPSURYHGWKHHURVLRQUHVLVWDQFH7KHH[WHQVLYHUHVHDUFKKDYHEHHQFRQGXFWHG E\3DWQDLNHWDO D E
F  RQ WKH VROLG SDUWLFOH HURVLRQ EHKDYLRU RI GLIIHUHQW ILOOHUV VXFK DV $O2 6L& IO\DVK LQFRUSRUDWHG
JODVVSRO\HVWHUFRPSRVLWHV7KHOLWHUDWXUH VXUYH\UHYHDOVWKDWOLWHUDWXUHVKDYHIRFXVHGPXFKRQVROLGSDUWLFOHHURVLRQ
RI SRO\PHUPDWUL[ FRPSRVLWHV 30&V DQG VOXUU\ HURVLRQ RI00&V+RZHYHU WKHUH LV D VFDUFH RI OLWHUDWXUHV RQ
VOXUU\HURVLRQEHKDYLRURI30&V$NLQFLHWDO KDYHVWXGLHGWKHVOXUU\HURVLRQEHKDYLRUVRIEDVDOWILOOHGORZ
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WKHLPSURYHGHURVLYHZHDUUHVLVWDQFHRIJODVVHSR[\FRPSRVLWHV7KHKDQGOD\XSWHFKQLTXHZDVXVHGWRSUHSDUHWKH
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 3ODQRIH[SHULPHQWV








ZKHUH 5 LV WKHZHDU ORVV E LV WKH UHVSRQVH YDULDEOHRIZHDU ORVV DW WKHEDVH OHYHOZLWK E E DQG E DUH WKH
FRHIILFLHQWVDVVRFLDWHGZLWKHDFKYDULDEOHRILPSDFWDQJOHWXUQLQJVSHHGDQGVOXUU\FRQFHQWUDWLRQUHVSHFWLYHO\ZKLOH
E E DQG E DUHWKHFRHIILFLHQWVDVVRFLDWHGZLWKWKHLQWHUDFWLRQHIIHFWRI LPSDFWDQJOHWXUQLQJVSHHG WXUQLQJVSHHG




XS LQFOXGHV D'&PRWRU FRQQHFWHG WR D YHUWLFDO FKXFNZLWK WKH KHOS RI EHOW GULYH DQG VOXUU\ XQLW 7KHPRWRU LV
FRQQHFWHG WR GLPPHUVWDW IRU UHJXODWLQJ WKH VSHHG ,QLWLDOO\ ZKROH XQLW LV FDOLEUDWHG IRU WKH GHVLUHG VSHHG ZLWK
FRUUHVSRQGLQJYROWDJHYDOXH7KHVPDOOKROORZF\OLQGHULVDWWDFKHGWRWKHYHUWLFDOFKXFN7KHIDFLOLWDWLRQLVPDGHLQ
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 5HVXOWVDQG'LVFXVVLRQV
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PXFK LQIOXHQFH)LJDG VKRZV WKH LQWHUDFWLRQSORWVRI GLIIHUHQWFRPSRVLWHV VWXGLHG ,W FDQEHREVHUYHG WKDW
LQWHUDFWLRQ RI DQJOH ZLWK VSHHG DQG DQJOH ZLWK VOXUU\ FRQFHQWUDWLRQ DUH LQIOXHQFLQJ RQ WKH ZHDU ZKHUHDV RWKHU
LQWHUDFWLRQ SORWV DUH DSSUR[LPDWHO\ SDUDOOHO LQ WKH VWXGLHG UDQJH RI IDFWRUV +HQFH LW FDQ EH GHGXFH WKDW H[FHSW
LQWHUDFWLRQ RI DQJOH ZLWK VSHHG DQG DQJOH LQWHUDFWLRQ RI VSHHG DQG VOXUU\ FRQFHQWUDWLRQ DUH QRW VLJQLILFDQWO\
LQIOXHQFLQJRQWKHHURVLRQRIFRPSRVLWHV
)LJVKRZVWKHPDLQHIIHFWSORWRI D XQILOOHGJODVVHSR[\ FRPSRVLWHV E $O2 ILOOHULQFRUSRUDWHG JODVVHSR[\FRPSRVLWHV F$O2
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IDFWRUV ZHUH FRQVLGHUHG DV VWDWLVWLFDOO\ DQG SK\VLFDOO\ LQVLJQLILFDQW 7KH SRROHG HUURU DVVRFLDWHG LQ DOO $129$
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:KHUH5 5 5 DQG5 UHSUHVHQWWKH ZHDUORVVLQJUDPVGXHWRVOXUU\HURVLRQ YDOXHRIWKHXQILOOHG
DQG$O2 ILOOHG JODVVHSR[\ FRPSRVLWHVUHVSHFWLYHO\7KH5 YDOXHLQGLFDWHVWKHFRHIILFLHQWRIGHWHUPLQDWLRQ
RI WKH UHVSHFWLYH HTXDWLRQ 7KH 5 YDOXH IRU WKH REWDLQHG PRGHOV LV DERYH  ,W FRQILUPV WKDW WKH GHYHORSHG
PRGHOVJLYHVJRRGUHVXOWVDQGKHOSVWRSUHGLFWVXUIDFHURXJKQHVVYDOXHVZLWKLQWKHH[SHULPHQWDO FRQGLWLRQV
7KHE YDOXHLV WKHLQWHUFHSWRIWKHSODQHDQGPHDQUHVSRQVHYDOXHIRUWKHDOOH[SHULPHQWDOUXQV,WGHSHQGVRQ
HURVLRQ IDFWRUV VXFKDV LPSDFWDQJOH WXUQLQJ VSHHG VOXUU\ FRQFHQWUDWLRQGXUDWLRQRI WHVW VOXUU\FRPSRVLWLRQ DQG
DOVRGHSHQGVRQ RWKHUIDFWRUVVXFKDVHQYLURQPHQWDOFRQGLWLRQVPDFKLQHYLEUDWLRQV
7KHFRHIILFLHQWVRI VOXUU\FRQFHQWUDWLRQDUHKLJKHVWIROORZHGE\LPSDFWDQJOHDQGWXUQLQJVSHHG7KXVYDOXHRI
FRHIILFLHQWVDVVRFLDWHGZLWK HURVLRQIDFWRUVLQGLFDWH WKDWLQFUHDVHLQ VOXUU\FRQFHQWUDWLRQ LPSDFWDQJOHDQGWXUQLQJ
VSHHG UHVXOWV LQ LQFUHDVHRI HURVLRQ )XUWKHUVOXUU\FRQFHQWUDWLRQ KDVKLJKHVW LQIOXHQFH IROORZHGE\ LPSDFWDQJOH
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,QRUGHU WRYDOLGDWH WKHPRGHOV FRQILUPDWLRQ WHVWVZHUH FRQGXFWHG 7KHSUHGLFWLRQ HUURUZDV FDOFXODWHG DV WKH
GLIIHUHQFHRISUHGLFWHGYDOXHDQGH[SHULPHQWDOYDOXH 7KHH[SHULPHQWDOFRQGLWLRQV FRQVLGHUHGIRU FRQILUPDWLRQWHVWV
DQG FRPSDULVRQVRI UHVXOWV REWDLQHG IURP WKHPRGHO DQG H[SHULPHQWDO DUHJLYHQ LQ7DEOH 7KHREWDLQHG UHVXOWV
IURPH[SHULPHQWDODQGPRGHOH[KLELWVFORVHSUR[LPLW\EHWZHHQWKHPDQG SUHGLFWLRQHUURU LVZLWKLQWKHUDQJHRI
RI WKHH[SHULPHQWDO UHVXOWV7KXVGHYHORSHGPRGHOVDUHDGHTXDWHDQG IHDVLEOH WRSUHGLFW WKH VOXUU\HURVLRQ YDOXHV
ZLWKLQWKHUDQJHRIH[SHULPHQWDOFRQGLWLRQV
 'LVFXVVLRQ
,Q WKHSUHVHQW LQYHVWLJDWLRQ VOXUU\ HURVLRQRI JODVVHSR[\ FRPSRVLWHVZLWKGLIIHUHQW ILOOHU SHUFHQWDJHKDVEHHQ
VWXGLHGE\URWDWLQJWKHVSHFLPHQLQDEUDVLYHVOXUU\DWDVSHFLILHGLPSDFWDQJOHDQGWXUQLQJIRUWKHWHVWGXUDWLRQ7KH
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HURVLRQRIFRPSRVLWHVLVFDXVHGE\WKHLPSDFWRIDEUDVLYHSDUWLFOHVSUHVHQWLQWKHVOXUU\PHGLD,QLWLDOO\DWORZVSHHG
WKHHQFRXQWHURIVSHFLPHQZLWKWKHDEUDVLYHSDUWLFOHVZDVUHODWLYHO\ORZ)XUWKHULQFUHDVHLQWXUQLQJVSHHGOHDGVWR
WKH LQFUHDVH LQ WKH QXPEHU RI HQFRXQWHU FDXVLQJ PRUH LPSDFW RI DEUDVLYH SDUWLFOHV RYHU WKH VSHFLPHQ VXUIDFH
,QLWLDOO\ GXULQJ HDFK HQFRXQWHU EHWZHHQ DQ DEUDVLYH SDUWLFOH DQG VXUIDFH PDWUL[ DV WKH WRS OD\HU RI VSHFLPHQ LV
HURGHG,QWKHODWHUVWDJHVWKHJODVVILEHUVDUHH[SRVHGWRWKHDEUDVLYHSDUWLFOHV7KHLUUHJXODUDEUDVLYHSDUWLFOHVDFWV
DV SORXJKLQJ DJHQW UHPRYHV LPSDFWV WKH JODVV ILEHUV UHVXOWLQJ LQ PLFURFXWWLQJ DQG PLFURSORXJKLQJ RI ILEHUV ,Q
DGGLWLRQLQFUHDVHLQWKHWXUQLQJVSHHGKDVLQFUHDVHGWKHNLQHWLFHQHUJ\RIDEUDVLYHSDUWLFOHV7KXVLWSHUKDSVFDXVHG
WKHDEUDVLYHSDUWLFOHV WRXWLOL]HJUHDWHUDPRXQW IRUSHQHWUDWLRQ LQWRJUHDWHUGHSWK UHVXOWLQJ LQ LQFUHDVHGHURVLRQRI
FRPSRVLWHV)XUWKHUZLWKWKHLQFRUSRUDWLRQRIILOOHUVLQJODVVHSR[\FRPSRVLWHVKDVOHDGWRLQFUHDVHLQWKHKDUGQHVV





ZDVVLPLODU IRUGLIIHUHQW VWXGLHGFRPSRVLWHV ,W LQGLFDWHVSHDNHURVLRQZDVDWWDLQHGDWΣ LPSDFWDQJOH UHYHDOLQJ
VHPLGXFWLOHQDWXUHRIVWXGLHG FRPSRVLWHV
,QLWLDOO\ DW ORZ YDOXHV RI VOXUU\ FRQFHQWUDWLRQ HURVLRQ RI FRPSRVLWHV ZDV UHODWLYHO\ ORZ IXUWKHU LQFUHDVHG
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